The objectives of this article were to determine the content of total dietary fi bre (TDF) as well as of its fractions -soluble dietary fi bre (SDF) and insoluble dietary fi bre (IDF) of different cereals grown by conventional and organic farming in Macedonia, as well as to fi nd out the infl uence of the cereal type and farming method on their values. Standardized enzymatic-gravimetric method (Megazyme Total Dietary Fiber Kit) was used for determination of soluble, insoluble, and total dietary fi ber in 27 different cereal samples of wheat, rye, barley, oat, and millet, which were grown at three locations. The content of TDF, IDF and SDF was infl uenced by both cereal type and farming type. The organically grown cereals, primarily oat and barley, have shown higher values of TDF and of its fractions than the conventionally grown cereals. Their values (% db) for oat and barley for TDF were 42.00±1.39 and 21.91±2.01, for IDF 39.22±0.58 and 15.06±1.84 and for SDF 2.78±1.25 and 6.85±3.85, respectively. Barley grown by either organic or in conversion farming method proved to have the highest value of SDF content among the other cereals investigated, whereas oat produced by organic farming method exhibited the highest values of TDF and ISF content. The organic farming method proved to have a good perspective in cereal processing and technology, food market and nutrition.
INTRODUCTION
A high dietary fi ber (DF) intake is generally recommended for proper nutrition on the base of its resistance to digestion and the health benefi ts of its consumption, so the quantifi cation of DF in foods has been of signifi cant interest for over 30 years. Observational studies as well as epidemiological data have showed associations between high-fi bre diets and reduction in many diseases [Jones, 2013] . Investigations were performed on physiological effects and health consequences of DF intake [Cho & Blaser, 2012 ], on associations with lower blood pressure [Vernay et al., 2012] , on weight management, cholesterol reduction and glycemic control [Babio et al., 2010] , and on appetite control [Kristensen & Jensen, 2011] .
According to the defi nition of DF [FAO/WHO Food Standards Programme, Secretariat of the CODEX Alimentarius Commission, 2010]: "dietary fi ber consists of carbohydrate polymers with ten or more monomeric units, which are not hydrolyzed by the endogenous enzymes in the small intestine of humans and belong to the following categories: a) edible carbohydrate polymers naturally occurring in the food as con-* Corresponding Author: E-mail: menkovska06@yahoo.com sumed; b) carbohydrate polymers which have been obtained from food raw material by physical, enzymatic or chemical means and which have been shown to have a physiological effect of benefi t to health, and c) synthetic carbohydrate polymers which have been shown to have a physiological effect of benefi t to health. When derived from a plant origin, dietary fi ber may include fractions of lignin and/or other compounds when associated with polysaccharides in the plant cell walls and if these compounds are quantifi ed by the AOAC gravimetric analytical method for dietary fi ber analysis: fractions of lignin and the other compounds (proteic fractions, phenolic compounds, waxes, saponins, phytates, cutin, phytosterols, etc.) intimately "associated" with plant polysaccharides in the AOAC 991.43 method. Decision on whether to include carbohydrates of 3 to 9 monomeric units should be left up to national authorities".
A proper and adequate analytical methodology and food labeling regulations are based on an accurate defi nition [Devries, 2004] . A number of AOAC Offi cial Methods of Analysis have been adopted for the analysis of dietary fi bre and some of its fractions and components are consistent with the state of dietary fi ber science [Jones, 2013; McCleary et al., 2013] . Over the past two decades, the most widely used methods for the measurement of dietary fi bre have been AOAC Cereal grains are naturally rich in DF, and provide in many countries the most abundant source of DF in the diet. European Food Safety Authority recommends the minimum amount of DF for adults of 25 g/day [EFSA, 2010] . DF is classifi ed into insoluble and soluble components based on water solubility and fermentability [Devinder et al., 2012] . Soluble DF components are quantitatively and qualitatively important in many foods. The cell walls of cereal grains are a major source of soluble and insoluble DF in the daily diet [Saulnier et al., 2007; Hemery et al., 2007] .
Organic farming, as a way of food producing that respects natural life cycles and minimizes the human impact on the environment and operates in accordance with objectives and principles by maintaining biodiversity and fostering healthy soil and growing conditions nowadays is also attracting more interest for food production in the EU, world and our country. In comparison with the conventional farming, the regulations for organic farming prohibit most synthetic (and petroleum derived) pesticides and fertilizers, antibiotics, genetic engineering, irradiation and sewage sludge. There are requirements for all organically-produced animals to have 100% organic feed without any animal by-products or growth hormones, and processed products labeled organic should contain at least 95% organic ingredients [Morgan & Murdoch, 2000 ].
This study is a continuous research done on the quality of cereals grown by organic and conventional farming [Menkovska et al., 2014] . The objectives of this paper were: to determine the content of dietary fi bre and of its components: soluble and insoluble dietary fi bre of different cereals grown by conventional and organic farming in the country, as well as to fi nd out the infl uence of cereal type and farming method on their values.
MATERIALS AND METHODS

Material
Twenty seven different cereal samples (wheat, rye, barley, oat, and millet) were collected immediately after harvest from three different production regions in Macedonia (Shtip, Veles and Negotino), that were grown by organic and conventional farming in the year 2013.
The number of the samples analyzed by cereal type were the following: three wheat samples organically grown and four conventionally grown; two barley samples organically grown and two samples conventionally grown, as well as three samples grown in conversion method; two oat samples organically grown and three samples conventionally grown; two rye samples organically grown and two samples conventionally grown, and two millet samples organically grown and two samples conventionally grown. The cereal variety was not taken into consideration because it was unknown for the producers for the most of the cereals.
The soil type of cereal growing differed from alluvial in Negotino and Veles region in the valley of the river Vardar to mostly sandy with large patches of red soil (crvenica) in Shtip region [Macedonian Soil Information System, 2015] . Organic farm manure was applied for growing of the organic cereals in all regions, while for the conventionally grown cereals agronomy measures according to standards were applied using mineral fertilizes with saltpeter and urea in some of them. [Lee et al., 1992; Prosky et al., 1992] .
Determination of DF and its components
The principle of the method in brief is that 1 g of a dried cereal sample (duplicate) is subjected to sequential enzymatic digestion by heat-stable α-amylase, protease and amyloglucosidase. The procedure was performed on dried samples. Samples were cooked at ̴ 100 o C with heat stable α-amylase for gelatinization, hydrolysis and depolymerization of starch; incubated on 60 o C with protease and amyloglucosidase; and treated with four volumes of ethanol (for precipitation of soluble fi ber and removing of depolymerized protein and glucose). The residue was fi ltered, washed with 78% and 95% ethanol and acetone, dried and weighed. One duplicate was analyzed for protein and the other was incinerated at 525 o C to determine ash. The protein analyses of residues were performed using the Kjeldahl method (conversion factor used to calculate g of protein was 6.25).
Determination of soluble/insoluble dietary fi bre content
Insoluble dietary fi bre (IDF) was fi ltered, and then the residue was washed with warm distilled water. Combined solution of fi ltrate and water washings were precipitated with 4 volumes of 95% ethanol (EtOH) for soluble dietary fi bre (SDF) determination. Precipitate was then fi ltered and dried. Both SDF and IDF residues were corrected for protein, ash and blank, for the fi nal calculation of SDF and IDF values.
Determination of total dietary fi bre content
The soluble dietary fi bre (SDF) was precipitated with EtOH, and the residue was then fi ltered, dried and weighed. Total dietary fi bre (TDF) value was corrected for protein and ash content.
Statistical analysis
Data obtained in the analyses were tested for signifi cance using the analysis of variance, the F-test using the software package Statgraph 3.0 (Statistical Graphics, Warrenton, Virginia, USA).
RESULTS AND DISCUSSION
The results obtained from the investigations on the content of dietary fi bre and of its fractions in different cereal samples are given in Table 1 . They demonstrate that among all cereals investigated which were grown by the both organic and conventional farming method, including also those grown by in conversion farming method: organically grown oat had maximum average values (%,db) of TDF (42.00), and of IDF (39.22). The maximum average value (%,db) of SDF (6.85) was found for the organically grown barley. With the conventionally grown wheat, the minimum average value of TDF (%,db) was observed (13.28), while the minimum average values (%,db) of IDF (8.06) and of SDF (0.98) were observed with the conventionally grown millet.
Our results obtained for SDF in conventionally grown rye (3.19% db) were similar with those found in rye whole grain (3.7% db) by Ragaee et al. [2006] . In that research, it was found that barley was signifi cantly high in IDF (22.1%), and our fi ndings are in agreement regarding the conventionally grown barley (20.94% db), (Table 1 ). In the cited research, millet and rye contained reasonable levels of IDF (13.5% and 14.1%, respectively). Similar results were obtained in our research for the conventionally grown rye (13.88% db), but in the conventionally grown millet the determined insoluble fi bre fraction value (13.80%, db) was among the minimum values found in all analyzed cereals, ( Table 1) . In regard to the TDF including resistant starch, these researchers have shown the following order: barley (24.6%), rye (17.8%) and millet (15.0%), while our order for conventionally grown cereals was: barley (22.00%), rye (17.08%) and millet (15.74%) and for those that were organically grown was: barley (21.91 %), rye (15.62%), and millet (16.13%). In addition, Ragaee et al. [2006] reported lower values of TDF in millet (11%), with an explanation that it could be due to different genotypes. As can be seen from Table 1, our research also showed the minimum value for TDF for the conventionally grown millet (15.74 %), while the value of the organically grown millet was signifi cant (16.13 %).
We noticed a slightly lower DF value in organically grown barley (21.91%). Barley contains husks that are rich in insoluble DF and lignin [Salomonsson et al., 1980] , and this explains the higher concentration of non-starchy polysaccharides and TDF in these cereals. The content of soluble fi ber was higher in rye, barley, and wheat than in the other analyzed cereals.
The dietary fi bre content was investigated in cereal grain and its parts by few researchers [Nyman et al., 1984; Kowieska et al., 2011; Devinder et al., 2012] . The values of TDF, IDF and SDF in wheat fl ours and cereal whole grain were determined using the enzymatic-gravimetric procedure of the AACC Method 32-07 [Ragaee et al., 2006] . It was shown that the TDF value in hard wheat was 4.59%, in soft wheat 3.65%, in barley 24.63%, in millet 14.95% and in rye 17.77%. SDF values for these cereal samples varied from 1.61to 3.70 and for IDF from 2.98% to 14.07%.
The calculated percentage of increasing/decreasing of TDF value and the value of its fractions in relation to farming type is presented in Table 2 . As it can be seen from the table, an increase in TDF value was noticed in all organic cereals compared with those grown by conventional or in conversion farming type. An increase was also noticed in ISF value in all organic cereals examined with the exception of barley. Organic millet has shown a signifi cant value of TDF and IDF. As for the SDF value, an increase was obtained only in organic barley and oat in comparison with cereals grown by conventional or in conversion farming method, with signifi cant values for almost all growing type cereals.
Our earlier studies on the infl uence of the variety, growing climate conditions and the production type on the oat fi ber content, have shown that it was decreased by 5.8% compared to that conventionally grown oat [Spasova & Menkovska, 2009] .
CONCLUSIONS
Both the cereal type and the farming method had an infl uence on the values of the TDF, IDF and SDF content in cereals. Organic farming method proved to be effective for oat for all examined DF fractions. Barley grown by either organic or in conversion farming method proved to have the highest SDF value among the other cereals investigated, whereas oat produced by organic farming method exhibited the highest TDF and IDF value.
The conclusions drown in this paper are on the basis of research on one-year production period assuming that the DF content in cereals is an heredity trait. The research presented here should be repeated for a longer production period, which will be the aim of future work. In that way, the infl uence of year, production region and cereal type including the variety should be investigated with a greater certainty. The associations between the production type and DF content in cereals should be also investigated.
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